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 
)LJ0RLVWXUHFRQWHQWSURILOH ș ZLWKUHVSHFWWRGHSWK  = 
LQGLIIHUHQWWLPHV  7 ZKHQ 3  
)LJ,QIOXHQFHRQWKHPRLVWXUHFRQWHQW ș E\WKHYDULRXV
YDOXHVRIGLPHQVLRQOHVVQXPEHU  3 DW 7  
 
)LJ,QIOXHQFHRQWKHPRLVWXUHFRQWHQW ș E\WKHYDULRXV
YDOXHVRI . DW 7  
)LJ,QIOXHQFHRQWKHPRLVWXUHFRQWHQW ș E\WKHYDULRXV
YDOXHVRI ' 
 
)LJ,QIOXHQFHRQWKHPRLVWXUHFRQWHQW ș E\WKHYDULRXV
YDOXHVRI N IRU 3  DW 7  
)LJ,QIOXHQFHRQWKHPRLVWXUHFRQWHQW ș E\WKHYDULRXV
YDOXHVRIN IRU 3  DQG =   

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5HVXOWVDQGGLVFXVVLRQ
([DFW WUDYHOOLQJ ZDYH VROXWLRQV RI QRQOLQHDU 5LFKDUGV¶ HTXDWLRQ  REWDLQHG E\ PRGLILHG )H[SDQVLRQ
PHWKRG DUH VKRZQ LQ HTXDWLRQ  WR HTXDWLRQ $OO WKH REWDLQHG VROXWLRQV DUH VROLWRQOLNH VROXWLRQV 7KHVH
VROXWLRQVDUHFRPSDUHGZLWKWKHVROXWLRQVREWDLQHGE\RWKHUDQDO\WLFDOPHWKRGV$FRPSDULVRQRIWKHVHVROXWLRQVLV
VKRZQLQ7DEOH)URP7DEOHLWFDQEHVHHQWKDWWKHWZRVROLWRQOLNHVROXWLRQVREWDLQHGE\PRGLILHG)H[SDQVLRQ
PHWKRG DUH IRXQG WR EH WKH VDPH DV REWDLQHG E\ WDQK IXQFWLRQPHWKRG DQG H[SIXQFWLRQPHWKRG IRU WKH VSHFLILF
YDOXHVRIDUELWUDU\FRQVWDQWV)RUWKHVDNHRIWKHSK\VLFDO LQWHUSUHWDWLRQRIWKHSUREOHPVROLWRQOLNHVROXWLRQJLYHQ
E\HTXDWLRQLVFRQVLGHUHG7KHJUDSKLFDOUHSUHVHQWDWLRQRIPRLVWXUHFRQWHQWIRUYDULRXVYDOXHVRIWLPHDWJLYHQ
GHSWK  = d d DUH VKRZQ IRU WKH QRQOLQHDU EHKDYLRXU RI WKH K\GUDXOLF FRQGXFWLYLW\  N  LQ )LJ  )LJ 
UHYHDOVWKDWIRUDQ\IL[HGWLPH7 LQWKHLQWHUYDO   7 7d   WKHPRLVWXUHFRQWHQWGHFUHDVHVDVGHSWKLQFUHDVHV
$OVRWKHPRLVWXUHFRQWHQWLQFUHDVHVZLWKWLPHDQGDWWDLQVLWVPD[LPXPYDOXHDW 7  7KLVYDOXHGHSHQGVRQWKH
PD[LPXPYDOXHRILQLWLDOFRQGLWLRQ,QWKHSUHVHQWFDVHWKHPD[LPXPYDOXHLVDW =   7KXVIRU  7d  
WKH PRLVWXUH FRQWHQW SURILOH WUDYHOV ZLWK FRQVWDQW VSHHG Y 3  ZLWKRXW FKDQJLQJ LWV VKDSH +RZHYHU E\
LQFUHDVLQJWKHYDOXHRIN WKHPRLVWXUHFRQWHQWSURILOHZLWKWKHVDPHVSHHGPD\QRWEHREVHUYHGIRUWKHVDPHWLPH
LQWHUYDO 7R REVHUYH WKH HIIHFW RI GLPHQVLRQOHVV QXPEHU  3  RQ WKH PRLVWXUH FRQWHQW YDULRXV YDOXHV RI 3 DUH
FRQVLGHUHG DQG WKH FRUUHVSRQGLQJ JUDSKLFDO UHSUHVHQWDWLRQ IRU PRLVWXUH FRQWHQW DUH VKRZQ LQ )LJ  )URP LWV
JUDSKLFDO UHSUHVHQWDWLRQ LW LV REVHUYHG WKDW E\ LQFUHDVLQJ WKH YDOXHV RI 3 ZLWK YDULRXV YDOXHV RI = DW 7   WKH
PRLVWXUHFRQWHQWLQFUHDVHV$OVRLWLVFOHDUO\REVHUYHGWKDWIRU 3  WKHPRLVWXUHFRQWHQWUHDFKHVWRLWVPD[LPXP
YDOXH $V VKRZQ LQ WKH VHFWLRQ  WKH K\GUDXOLF FRQGXFWLYLW\ DQG GLIIXVLYLW\ DUH DVVXPHG WR EH WKH IXQFWLRQ RI
PRLVWXUHFRQWHQWE\LQFOXGLQJWKHFRQVWDQWV . DQG ' LQWKH%URRNVDQG&RUH\UHODWLRQ7KHVHFRQVWDQWVDUHUHODWHG
ZLWKWKHVRLOSURSHUWLHVOLNHSRUHVL]HGLVWULEXWLRQDQGSDUWLFOHVKDSH7RREVHUYHWKHHIIHFWRIWKHVHFRQVWDQWVRQWKH
PRLVWXUHFRQWHQWYDULRXVYDOXHVRI . DUHFRQVLGHUHGNHHSLQJ ' IL[HGDVZHOODVFRQVLGHULQJYDULRXVYDOXHVRI '
NHHSLQJ . IL[HG,WVJUDSKLFDOUHSUHVHQWDWLRQVDUHVKRZQLQ)LJDQG)LJ,Q)LJILYHGLIIHUHQWYDOXHVRI .
DUHFRQVLGHUHGNHHSLQJ ' IL[HG ,W LVREVHUYHG WKDWE\ LQFUHDVLQJ WKHYDOXHVRI . WKHPRLVWXUHFRQWHQW LQFUHDVHV
)RU  P V.  WKHPRLVWXUHFRQWHQWUHDFKHVWRLWVPD[LPXPYDOXH$VLPLODUREVHUYDWLRQLVPDGHE\FRQVLGHULQJ
ILYH GLIIHUHQW YDOXHV RI ' NHHSLQJ . IL[HG LQ )LJ  %\ LQFUHDVLQJ WKH YDOXHV RI '  WKH PRLVWXUH FRQWHQW
GHFUHDVHV+RZHYHULQWKLVFDVHLWLVREVHUYHGWKDWIRU  P V'  WKHPRLVWXUHFRQWHQWEHJLQVIURPLWVPD[LPXP
YDOXH DQGGHFUHDVHV DV ' LQFUHDVHV7KXV WKH HIIHFW RI ' DQG . KDV WKH FRQVLGHUDEOH HIIHFW RQ WKHPRLVWXUH
FRQWHQW ,Q VXP E\ LQFUHDVLQJ .  PRLVWXUH FRQWHQW LQFUHDVHV ZKHUHDV E\ LQFUHDVLQJ '  PRLVWXUH FRQWHQW
GHFUHDVHV 7KXV WKH SK\VLFDO IDFW RI WKH FRQVWDQWV SHUWDLQLQJ WR VRLO SURSHUWLHV LV SUHVHUYHG+HQFH WKH REWDLQHG
WUDYHOOLQJZDYHVROXWLRQLVLQDFFRUGDQFHZLWKWKHSK\VLFDOIDFWRIWKHFRQVLGHUHGSUREOHP$OWKRXJKWKHVHQVLWLYLW\
RI ' DQG . DUHVWXGLHGIRUSDUDEROLFFRQGXFWLYLW\E\FRQVLGHULQJ N  WKHVDPHZLOOEHREVHUYHGIRURWKHUYDOXHV
RIN 7KHJUDSKLFDOUHSUHVHQWDWLRQVRIWKHPRLVWXUHFRQWHQWIRU      N N N N N N      DQG N  
DUHFRQVLGHUHGIRUWKHVROLWRQOLNHVROXWLRQJLYHQE\HTXDWLRQIRU 3  ,WVJUDSKLFDOUHSUHVHQWDWLRQLVVKRZQ
LQ)LJDW 7  IRUYDULRXVYDOXHVRI = %\LQFUHDVLQJWKHYDOXHVRIN ZKLFKLQWXUQLQFUHDVHVWKHQRQOLQHDULW\LQ
WKHK\GUDXOLFFRQGXFWLYLW\DQGGLIIXVLYLW\WKHPRLVWXUHFRQWHQWLQFUHDVHV+RZHYHULWLVVHHQWKDWIRU N  WKH
PRLVWXUHFRQWHQWUHDFKHVWRLWVPD[LPXPYDOXH$VLPLODUREVHUYDWLRQLVGRQHDW =   IRUYDULRXVYDOXHVRI7 ,WV
JUDSKLFDOUHSUHVHQWDWLRQLVVKRZQLQ)LJIRUGLIIHUHQWYDOXHVRIN IRU 3  )URPLWVJUDSKLFDOLW LVREVHUYHG
WKDWE\LQFUHDVLQJWKHYDOXHVRIN WKHPRLVWXUHFRQWHQWLQFUHDVHVZLWKWLPH$OWKRXJKWKHHIIHFWRIQRQOLQHDULW\LQ
WKH K\GUDXOLF FRQGXFWLYLW\ DQG GLIIXVLYLW\ LV VWXGLHG IRU VSHFLILF YDOXHV RI 3 DQG VSHFLILF YDOXHV RI = DQG7  WKH
VDPH FDQ EH VWXGLHG IRU RWKHU YDOXHV RI 3 = DQG 7  +HQFH WKH REWDLQHG WUDYHOOLQJ ZDYH VROXWLRQ RI QRQOLQHDU
5LFKDUGV¶HTXDWLRQEHKDYHVZHOOZLWKWKHSK\VLFDOSKHQRPHQDRIWKHSUREOHP


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&RQFOXVLRQ
7KHPRGLILHG)H[SDQVLRQPHWKRGLVDSSOLHGWRQRQOLQHDU5LFKDUGV¶HTXDWLRQWRREWDLQWKHH[DFWWUDYHOOLQJ
ZDYHVROXWLRQV6ROLWRQOLNHVROXWLRQVDUHREWDLQHGDQGLWVSK\VLFDOLQWHUSUHWDWLRQLVFRQVLGHUHGIRUWKHVSHFLILFLQLWLDO
YDOXHSUREOHP)URPWKHREWDLQHGVROXWLRQLWLVFRQFOXGHGWKDWWKHPRLVWXUHFRQWHQWLQFUHDVHVE\LQFUHDVLQJWLPHDW
DQ\JLYHQGHSWKDQGGHFUHDVHVE\LQFUHDVLQJGHSWKDWDQ\JLYHQWLPH$OVRYDULDWLRQLQPRLVWXUHFRQWHQWLVVWXGLHG
IRU YDULRXV YDOXHV RI WKH FRQVWDQWV GHVFULELQJ WKH VRLO SURSHUWLHV ZKHUH WKH SK\VLFDO IDFW RI WKHVH FRQVWDQWV LV
SUHVHUYHG7KXVPRGLILHG)H[SDQVLRQPHWKRGQRWRQO\SURYLGHVPRUHQXPEHURIH[DFWWUDYHOOLQJZDYHVROXWLRQV
EXWDOVREHKDYHVZHOOZLWKSK\VLFDOSKHQRPHQRQRI WKHSUREOHP+HQFH WKHDSSOLHGPHWKRG LV UHOLDEOHHDV\DQG
SURYLGHVPRUHQXPEHURIH[DFWWUDYHOOLQJZDYHVROXWLRQVLQFRPSDULVRQZLWKRWKHUDQDO\WLFDOPHWKRGV
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